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Wind vdocitp and direction aloft were obtained by 
nieaiis of pilot bdloons, and all st,at,ions were supplied 

a few niiles an hour. 
csndle 1nnt.erii was tied to the 

I n  inakinp niglit ascents 

\vit.li equipments for making pilot-balloon ascents. The n:i t n  from the pilot-hdoon ascents as we11 as from 
hullolis were inflated to ive a rise of 400 or 500 feet pcr surface instniment,s were userl in plot.ting ded-reckon- 
minute, according to t f e size of balloon used. This irig courses. for sey)lnne patrol. The wii?d direction 
ra.te of rise facilitated rapid calculation; iind by tho wtis giren in degrccs to facilit,abe, comput.iiig the drift 
single-t1ieodolit.e iiietJiod, with the theodolit,e near tl;c nnglcb, as most. pii.t.ro!s cnnsist.etl of nin.ny COUI‘P~S. Sur- 
officel two nien could take the data, iiiake the hori- fncr-wind rli1.t.n were ohtnined from bke Dims anemograph, 
zon tal projection of the balloon p i th ,  and within 0110 which g i n s  inst,nnt,nneous wind dircction aut1 veloc.it,v. 
niinut>e froin the time the balloon was lost, coiiiplct,t? In cnse t.hc 011 t,lonk was unfarornhle for n (lawn pa.t,rol 
the t.al,ulatsion of the wilid veloc.it,y and c1irect.inn for upon t,l:e ntlvice of t.hr st.at.ion n:eteorologicnl officer 
nl l  lcrels reached. A check on the r2it.e of rise \v:l.s t.he pIan(!s uwcz not, biiken out. of the hangars; and if 
sollietimes macle by the t.nro-theodolite method. It c!:ingc?roiis winds were rspect,ctl w71!en plnnns were oil t 
showed that! a ballooii with the 500-foot rate varies frolii i t  wis the duty of thc. metoorolu~icnl offiwr t.0 see t h t  
435 to 600 feet per minute, though usually it is not w r y  t,l!yr were recalled. 
far from 500 feet. Such a departure from the assuiiierl .L tie type of niet.eorologicii1 liut, used’ in Brit.ish n.nd 
ra1.e woulcl cause a lar e ercentage of error, hut. for American :iir st,iit.ions is sltown in the nccoiiipiinyiug 
mlocit.ies most suit,ahle or ying it would mean R I ~  error phot.ograpli (fig. 2 ) .  

I See pp. 221. ahovc. 
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. BLUE HILL METHODS OF “PILOT BALLOONING.”’ 

By IVOR MALL, Eiisign, I:. P. N. R. F. 

[Dat.ed: Blue Hill Ohsermtnry. lieadvill-, 1Iw.. March, liJ19.1 

Pilot balloons tire used to determine wind velocity and 
direction a t  various altitudes. To acconiplish this, the t,ioii: 
balloon is released and its succeaske positions a t  i n t e n d s  
of oiic minute are observed through a theodolite. Thc 
verticnl, or Rltitucle, angle, ancl the. azimlitli, or liorizo11- With A n  dt~tc~rminrcl \VT~ concert it into ternis of VC~OC- 
tal, mgle are noted a t  each of these minute intci-vnls. ity RS explained above. 
From t11ew (lata, and ~1 a,ssunied constant, rate of asccllt, The ~ ~ W X Y  dewription S ~ O W S  d 1 f l . t  hits h a p p e ~ ~ d  in tnh 
tile relocit,ics and (IirCctioIIs a t  differelit levels arc cnl- \7(~tic-!al pl~11e. If the u-inil direction wwc constant. this 
cula tcd . rmsoning \voulil he sufficient8, hut as this is not true 

ittn, n i i~ies  llse of simple goonletric: another coiiilition is introtlucetl t,he cs!danat.ion of which 
and trigonometric. 1wincipItr.s. 111 order to make. tbt? olwr- fdlows. 

halloon. 
a.s it, moves away. 
the hallooii is bring doflcctd to our right,. 

To find AB we ham ths following t,rigonomct~ric rcla- 

l3C cot O=-4B. 

~ l l e  sollltioll of the 

ation niorc yivic1, I t  is well1 to coliaelltrate the ~ ~ t t ~ n t , i o l ~  Let US 60 1)nv.k to the point u-linrc. wc rrhtscttl the 
Wr? ohserve it,s niomnwiit a t  minut>e intsrvala 

Xftm a fcw niinutcs we notioe that. 
This would 

A 
Fin. 1.--A represents the pniiit at which we arestartdlnE and what wc,shsll call thr hsw: 
I? is t.he pnsition o1 tho bulloon: B is a point projected v8rtically below (’; 0 is the 
recorded vertical angle. 

on tho rocedure-and try to \*isualize what happens wlien 
the bal P oon is released, and then to determine the X-R~UC 
of the rocordocl dtittl. 

Let us s t m d  with our backs to the wind and with n 
properlv inflated balloon a t  hand. We will assume that 
the balloon whefi released will have a constant) rate of 
ascent- (150 m.inlin.). we! rel@nSo the balloon and it s h r t s  
to rive ,aIld is cmried out miti from us by the for,.(! 
of the wind. At the end of one minute ure observe its 
position with the theodolite. According to our assump- 
tioIl it,s heigIlt is 150 meters. Tert,ic.ill 
anale. is represent,ed in figure 1.  i i ~  rePresents 
til; horizolltal clistsllce repl,cct to the 

If we (livicle t,llt? 
distance AB by 60, ,ve obtain wind ye~o,,ity ill nletc,rs 
per second (ni./s.). 

i i  s 

FIG. T--R is thP base: A and h are surcrssise pnsitioiis or the 1,nllnrni 31. any interval; 
A‘=azimu(li of pnsilinn A :  .\“=azimuth of psitioil 1: O’=di;rrrmco in azimuth; 
@-awslo het,wecn line of sight 01 I l e m S t .  pnsitinn of hallocm and tile line of travel of 
thebdhm.  

we lnarl us to trlie connlneioii that the wind nt tlw hi$nr 
1r.vels is from our left rear. In ot,lier words, the iviiul 
direction is changing as we go aloft. This nwiat,ion is 
nicaasured hy noting the change of the horizonhl angle, or 
a.zimut11. 9 movement takes place laterally wit.11 respect 
to the horizoiitnl pl~iie,  which is rcprcsonted in figuro 2 .  
The line A 0  re )resents the true hdloon travd, hence its 
velocity. As b e  balloon lias been blown from A to 0, i t  

balloon Ilas t,raveled in olle minubm 

. 
8 PUblishcd by permission oI the Secretary of the Nary. 
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also shows t,he diroction of the wind as indic.atd by the 
arrow. It is now necessary to oh t.ain the clirect,ioii of A 0  
with respect to the ‘“base line.” 

If t,he line of sight BA is est,endcd it, forms with A 0  
the definite nagle 9. ‘It. is nhrious t.hnt if t$ is added to 
Af  the true dirw.tion of A 0  with rcspect t.o the hnse 
line is oht,ained. 

A complet,c ohsermtion will neccwit~nte dnnling wit.11 
mot.ion in h0t.h tjlie 1-ertical and horizontal plnii~s. Tho 
“ 1)avV Calculnt.or ” (fig. 3 i ,  comhincs polar and rev- 
t,mgular coorclinntes, ruid thus mnkw it. possihle to 
represento both planes on the snnie suda.ce. A rtafcrciire 
t.o the “ Davy Cdculat.or,” figure 3, will sliow t h t ,  :in 
trpplication of rec.t.nugulur cnordinntt?s giws ;I. grai.phicd 
solut,ion of t,he relation, BC cot.8 =AB. The pilar 

To apply t.0 “Calculator” (fig. 3). 
1. Read up on t.he 1eft-hn.nd scale (vertical distance in 

meters) to 150. Follow t.his over t.0 whelp it. intersec.t,s 
the ahitude angle 31.8’. Project this intersect.ion 1-ert.i- 
cnlly dowmviarcl t.o the bott,om scnlo, and read horizont.al 
dist,ance and ve1ocit.y direct,lly. (Dist,. = 220 m. : 
d . = 4  ni. p. 9.1 The clirectinn from which the wind 
is coming is t,he same as the azimut,h. 

2 .  Read up on t,he left.-hnnd scde to 300 met.ers. 
Follow this line mer t.o where it, inteisects t,he Tert.icd 
nnglc 35.6’. Project. this intciscction rcrt.ictllly down- 
ward to tho hot.t.on1 sca.la. Referenre is now macle t.o 
the ticcomp:inying figure 4. 

S is the point just, est~uhlishocl on the bot,toiii +;de.  
With BX as a ruclius and B as n cent,t!r, clescribe an arc 

D X V Y  K A  1’1 D CA1.C.U LATO R CHART 
DEGREES 

WlFiD VELCCITY IN MCTERS PER SECOND (ANY TIME INTERVAL) 

loo0 si00 .no0 ZSOO &o 3k.O 
HORIZONTAL DISTANCE IN M C T L R S  sbo 

lJ.S.Naval A i r  Slation 

N A W  ‘DC?ARTYCNT,BUREAU OF NAVIGATION Observer ................. . .  Date 
I+;. 3. 

coordinates form 11 g r a p h i d  solution of tt cI1t111ge in 
aZiiJlUtb. TO slio\v the use of t.lw “C‘nlrulnt.or,” t.he 
cnlciilntion for t,lio following data will he followed 
through. 

............................... 

............................... 

Time. 

............................... 

2: 55 

?:57 

............................... 
3:oo ............................... 4.5 124.11 

nf a circle q u i d  to the difference in the azimuths 1 mid 2 
(?.io) ii,ntl c.st.a.hlish the point, 1‘. Project rcrt,icslly 
downwnrtl from 1’ and estahlish the point, Z 011 tdie 
hntt.om scule. The ve1ocit.y for t.he sc~ond period of 
ol~scrvat.ion is ecptl t.o (RZ - BW) = WZ = 3.0. 

If t.he angle YWZ (7 .0”)  he ndcled to the azimut,h of 
ths previous ohservat.ion, we obt.ain t.he clirect,ion of 
WJ-, OP (00.5 + 7.0) =97.5’. 

I‘nllom t.lirnugh ident.icd ste )% for d observations. 

1. If t.he difft?rencc in nzin1ut.h if 5’ or less it is not 
necessary to swing up through this nnglc to obt.aiii the 

Tho fnllcwing 1)oint.a should b‘ e not.ecl: 
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-whit y, :I,S t,he second point, w-lieii projcctd clown will 
nenrlj7 coincide wit.li the first,: but, it, is necess.r.ry t.o 
swing t.hie point up to oht.:iiii t,he change in direction of 
t.he wind. 
3. The an$e 4 will not  dways he nclded t.o t.l:t? pre- 

\-ious nzimut,h. ,4 set of four rules is furniulieil wit.li 
t,he ‘i Ctilculat,or ? ’  which uro to be nppliecl in c1cteriiiinin.g 
t,he wind clirt?c.tion. 

This mst,liod npylios a mechnnicitl device t o  6lin 
‘( C!slculntor ” which nie.kc-s the mnnipnla ticm mr;ch 
enpIer, simpler, nncl quicker to fcdlow t.hrough. A gr~111- 
xtstl c(!lluloid scale is pivot.ed a t  t,he origm of the cnl- 
cul:i.tor :is showii in figure 3. 

The pnint. 0 is pivoted at, the origin of tdic-! “ Cdcii1:iknr.’’ 
the scale O B S  is graclunt.ed in the propcr rclnt.inn to t.lie 
scale of t.he c$culator, so that, it rends directly in in. p. s. 

FIG. 5-The “T:vi~chell” method. 

,.t. a rnclius of n.lmut, 20 cm. from 0 t,here is a mndilied 
vernier scnle, AB. The arc- AB is ninrlc t.0 e u d  csact,ly 
10’ of n circle of t,hnt purt.icul~r rnclius. 8 n t.he cd-  
culat.or it is necessary to lisvc only 10’ divisions AS t,iie 
sc:Jc :i.llows for any frnctiou bot,n-een these tlivisicms. 

The use of t,he ivle is a.s follows: 
W e  will assunie the same c1nt.a xs before. 
1. Read up the leftr-hancl clist,nuce sctile t.o 150 met,ers. 

Set, t.he 1oTer so that  t,he ruled edge lies on the 31.S’ lint?. 
Rend OTOP 011 t,he 150 mt!ter line uiibil it  intersects t.his 
edpe. Pollow t.his point, vert,icnlly downward to the 
scde below. Move the lever clown so t.hat t.he rulecl 
edge coincides with t,he bottom of the chart t~nd rctiil 
tho velocity from the levor in ni. p. s. 

2. Read up the left-hand distance scale to 300 niet,ei~. 
Set the lever to read the wr t i cd  angle 35.6’. Find the 
intersection with the 300-met.er line and projcct the 
point vertically downward to the bottom scale. Bp 

BRITISH PILOT-BALLOON METXODS : TEE SROEBUEYNESS 
SYSTEM. 

[ Reprint‘cd Irmn .\Ictcclrnlogir:d O a r ?  rirciilar SO, Tr’or. 26, 1918. pp. 1-2.1 

T ~ I P  ffilloming is n description of the double-tlieodolite 
m c b  t1ii.d in uac. a t  Slinchur>-tic:js : The nietlind is n combi- 
mttinp f-)f gmphitd nncl  aii:lc-rule nietliotls. On a large 
chwing bu:i.~d there nre fixed two of tlie radial charts 
supplied hy the &IC tec!rv!ljgical Office, joiiiec! so tis to linve 
lilies rdii:tiag t,iJ the lett :IS :wll 8s to the right. The 
(:iiinnioii center of t,liest! t:hii.;.b;; representc, the home sta- 
t h .  A p p w ~  prcit~rm+or (o!Jt,,iiiietl by cv.ttin.~ up a 
rnclinl c!iart) is : irran~~e~l  si ,  tliiit it.s ccnttlr is nt a tIatnnce 
from tlie cenber of tl-ie r;idiril r lxr ts  ecjunl to the length of 
the base bct,n-i.en tiie t!teodolit.c st,wtions on n scale of 2 
cm. to GOO feet: t:ie henring ~ 1 ’  t.!.,e f:ent,er of the protinctor 
is the boaring of the tlist.niit,, from t,hc liomc, stat im.  The 
wlii.)lc is covered with n shco t of tmring paper on w!iich the 
path of the ballvtui is plottcd. T h e  tcacing p p e r  is 
renewed \vlieii iler.c+aaiy? hut the r:i.tlinl charts seldom 
ret1uii.c renewal. Two C%cst,erm:m :,btwl tn MS arc pivot,ed 
one n t  the center nf tlillr railiii.1 chwt ~ n c l  t f ie othvr a t  tlie 
ceiitcr nf t,he prntrnct.cw. ‘i’lie liome tlieodo1it.c~ is set with 
nziniutli N. = 1SO’ and the clistii.nt tlieocldit,e Kit11 zero- 
h r i n g  of the home station. The steel tnpes are set 
a w  d i n g  to the ainiultmeous rcn.dings of the nziinu trli of 
the Lallocin, :tiid their int,ei-set:ticm on the plotting tables 
gives the )rojer: t.ion ivf the h 1 h J m .  Succe2sive 1’1 witions 

wind speed is obtninetl c!ire:.tly in feet per second by 
inensuring the di&m es between successive points. As 
the s d e  is 3 cni. to GOO feet the apced in feet per second is 
memured on tlie smle of 2 cni. to 10 f./s. The wind- 
ilirec: tion is obtained by setting R rcdliug parallel ruler 
dong the line joining two successive points : the ruler is 
then rolled until i t  coincides with one of the lines of the 
racliel c*hnrts. This gives the wind-clirec tion directly. 
Tile distances from t!ie intersections c!n the charts to the 
origins :we rend off 011 the steel 6npes. Y cni. being taken as 
the unit. ‘.rhese give IIcotE/(iill) for each st.2.t.iim where 
14 is t,he heiylit in fcet ah:we tlie st,ntion from which the 
p lcn  t.iiin of tlw balloon is E. Froni this the height ahove 
ew!i s tn  tigon j s  rmnpii tcd 1 . y  slitlc-riile. A pilv t, bndloon 
slide-rule is usccl: 1 ou tl:e inner slitle is sct  against 6 on 
the niniii slide. The tangent cursi.)r is sct t:, the corn de- 

set so t1ia.t. t,Iic liorizoiitul tlist,nn:-e o f  the lmlloon from . 
either stat.ion, :is nic?asurccl on the plot.t,ing board, falls 
uii1-10r the viirs(~r, I-Eelglit in fcct is then rend against 
tlie enil of the sine-sc.ale. 

The ends of the bnsc mcl t.he ofice where t,lie computing 
is dune are (:i.miiec‘tcd by tclephoiie. The telephone 
installation is txrrmged so that any observer who is using 
the telephone call spenli to and hear either of the other 
two. This is the case vr-liicherer base is hein used. 

a t  intorva \ s of une niii1ut.e are plot.t.ei1 in this wayv. The 

inriit of tlic nnglc of elevnt.ion ancl the inner slide is t ! ien 

Five observers are required; tiley are allocated as P ollows: 


